Abstract: Objectives. To assess the potential damage of Piezosurgery®, a novel piezoelectric instrument for bone cutting, to a peripheral nerve upon direct contact.
exposed nerves analysed histologically. Differences in SFI and histological scoring were statistically assessed by Mann-Whitney tests.
Results. Direct exposure of peripheral nerve to Piezosurgery® did not dissect the nerve, but induced structural and functional damage. The frequency and extent of functional damage were higher with increased pressure applied on the nerve, but not by activation of ultrasonic vibration. Various degrees of axonal damage were observed in all groups, without a consistent relationship with functional deficits.
Importantly, since the perineurium was always intact, functional recovery was almost complete within 60 days in all groups.
Conclusion. Our results indicate that accidental contact of Piezosurgery® with the nerve is not necessarily detrimental, and the potential for functional recovery is large. Thus, the safety margins would be larger than using instruments which are typically operated at higher force (e.g., bur) or which are likely to cut the nerve upon direct contact (e.g., oscillating saw).
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Dear Dr. Assael, Thank you for the favorable review of our manuscript. The constructive comments of the Reviewer have been taken into account for the preparation of a revised version. In particular, we have (i) added Figure 2 , with histological sections depicting the different degree of neural damage and (ii) included 2 additional references (# 4 and 5).
We are looking forward to hearing from you. In a recent in vitro study, the use of Piezosurgery® for transposition of the inferior alveolar nerve in the mandibles of cadaver sheep resulted in roughening of the epineurium without affecting deeper structures, and induced a lower degree of injury than when using a conventional rotary bur. 5 Furthermore, in a pilot clinical study, the use of Piezosurgery ® resulted in reduced neurosensory disturbances in orthognathic surgery of the mandible. 6 However, to the best of our knowledge no experimental in vivo study has yet demonstrated that bone cutting using Piezosurgery ® prevents damage to soft tissue, especially to nerves.
Aim of this study was to assess the potential damage of Piezosurgery ® to a peripheral nerve upon direct contact, in two possible scenarios. The first scenario corresponds to the condition when the surgeon does not immediately realize of the contact with the nerve and continues to apply the same force used for cutting bone (working force) for a reaction time estimated to be of 5 seconds. The second scenario corresponds to an accidental slip of the device on the bone tissue, causing a direct hit on the nerve with a higher force (peak force), estimated to be 2-fold of the working force, but for a shorter time (1 second). The sciatic nerve of the rat was selected as an established model for studying sensory and motor nerve damage and recovery, 7 also considering that the size of the sciatic nerve of the rat is equivalent to the size of branches of human trigeminal nerve.
Materials and Methods
Operation of the ultrasonic instrument Piezosurgery ® (Mebiotec Srl, Sestri Levante, Italy) was developed to perform osteotomies by application of micrometric ultrasonic piezoelectric vibrations. 2 In our study, the tool was used at the highest possible frequency (i.e., 29 kHz) and cutting energy (i.e., boosted mode), in order to simulate the worst-case scenario, and with the cooling irrigation system set at 60 mL/min of sterile solution flow, to prevent heat damage.
In order to determine the average force applied to perform osteotomies, the piezoelectric Following skin incision, the sciatic nerve was exposed by blunt dissection for a length of 2.5 cm proximal to its division into the tibial and the peroneal nerve, and dissected from the underlying soft tissues. In order to prevent slipping of the nerve during exposure to Piezosurgery ® , a wooden spatula (0.5 cm width x 5cm length x 0.15cm height) was placed under the nerve, acting as a buttress. The nerve was then exposed to the piezoelectric instrument, according to the following experimental groups: 
Functional tests
Motor and sensory nerve function were monitored on the first postoperative day and at timed intervals, up to 150 days after injury or until repeated normalized function. Motor nerve function was quantified by calculation of the Sciatic Function Index (SFI) based on walking track analysis, as previously described. 8 Values lower than -10 were considered to indicate a motor damage. Sensory nerve function was assessed by withdrawal reflex tests. Tests were performed three times per animal by applying a current of up to 1 mA, at incremental steps of 0.1mA/sec, first to the untreated foot and then to the operated one. A reproducible difference in the threshold of sensitivity greater than 0.1mA between the two feet was considered to indicate a sensory damage.
Histological assessment
When motor and sensory function was fully recovered or 150 days after surgery, animals were sacrificed in a CO 2 euthanasia system. The exposed sciatic nerves were harvested, fixed in 4%
formalin, embedded in paraffin, longitudinally sectioned (5 um thick) and stained for hematoxylin-eosin and Holmes-Luxol (stains myelin and axons). Sections were analyzed by a neuropathologist (MT) for the integrity of the perineurium and axonal damage. The axonal damage was graded into 0= no damage, 1= minor axonal damage (axonal breakdown, "digestion chambers", fiber loss), 2= severe axonal damage but not covering the whole nerve fascicles , 3= severe axonal damage covering the whole nerve fascicles.
Statistics
Differences in SFI were statistically assessed by Mann-Whitney tests, and considered significant with p<0.05.
Results and Discussion
The postoperative phase was uneventful in all cases presented. Only one animal in group B with clear motor and sensory deficit mutilated itself three days postoperatively, and was thus sacrificed and replaced.
Motor and sensory nerve functions of the treated animals are displayed in Fig. 1 and ranged from isolated ( Fig. 2A) to abundant axonal breakdown and segmentation of myelin into digestion chambers (Fig. 2B) . However, no systematic difference was found among the groups or in relation to a functional deficit. Semiquantitative scoring of axonal damage was higher, although not significantly, in group B (1.6±0.9) than in groups A and C (respectively 0.9±0.6 and 1.0±0.5). The result is consistent with a previously reported lack of association between histological and functional outcome measures of nerve regeneration.
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Conclusions
Direct exposure of a peripheral nerve to Piezosurgery ® , even in worst case scenarios, did not dissect the nerve, but induced structural and functional damage. Consistently with a previous study, 5 even following nerve contact at peak force, the perineurium of the nerve was intact, and thus the potential for functional recovery was large. Importantly, the extent of damage was significantly higher with increased force applied by the device on the nerve, but not by activation of the ultrasonic vibration. Since a correct use of Piezosurgery ® prescribes application of a limited pressure, the safety margins would thus be larger than using instruments which are typically operated at higher force (e.g., bur) or which are likely to cut the nerve upon direct contact (e.g., oscillating saw). This makes Piezosurgery ® a promising tool to perform osteotomies in close proximity to a nerve in maxillofacial (e.g., orthognathic surgery of the mandible) or orthopaedic surgery (e.g., laminotomies in the cervical spine). 
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